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Abstract—The Hi-Lo Equation introduces a distinctive gaming 
concept wherein players employ numerical cards and arithmetic 

operations to formulate equations that approximate the values of 

1 or 20. Through strategic employment of mathematical 
operations—addition, subtraction, division, multiplication, and 

even square roots—players craft an equation approaching the 

chosen target value. This paper will analyze the game mechanics 
with discrete mathematical concepts, particularly combinatorics 

and tree, to breakdown the optimal outcomes based on card 

distribution among players, thereby refining their gameplay 

strategies. 
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I.   INTRODUCTION 

"The Devil’s Plan" showcases a seven-day reality gaming 

show aimed at evaluating contestants' intellectual prowess, 

focusing on cognitive skills rather than physical abilities. This 

distinctive show, integrated into the broader program of "The 

Devil’s Plan," sets itself apart from digital gaming by 

emphasizing survival gaming and promoting collaboration and 

face-to-face communication. Among the challenges presented, 

the Equation Hi-Lo game stands out, blending mathematical 

concepts with card gaming strategies. Equation Hi-Lo 

creatively combines elements from Poker, Hi-Lo, and the 

mathematical notion of 24. It shifts away from chance-based 

games, engaging players in strategic problem-solving.  

 

 
 

Fig 1.1) Shows the cards used in Equation Hi-Lo (Taken 

from Netflix) 

 

Equation Hi-Lo, though rooted in poker, surpasses mere 

chance-driven gameplay. It requires intricate calculations, 

strategic planning, mathematical skills, guiding players through 

successive rounds. This endurance-demanding game 

culminates in selective elimination, posing an intense, 

repetitive equation-solving challenge testing contestants' 

mental resilience until defeat. 

 

In the Hi-Lo Equation game, combinatorics and 

permutations are crucial for strategic gameplay, intertwined 

with math and decision-making. Permutations can be used to 

explore various combinations of number cards and math 

operations players hold. Combinatorics, primarily showcased 

through iterating possible permutations of numeric cards and 

operation symbols, enables the calculation of diverse equations 

that lead to the target values of a number close to 1 or 20. This 

mathematical concept could help players predict outcomes and 

pick smart moves based on card combos and strategy. An 

algorithm is essential to show how players can strategically 

select the best combinations. The algorithm should also utilize 

tree implementation, maximizing strategic calculations and 

enhancing gameplay depth, rather than just luck. 

 

II.  COMBINATORICS THEORY 

Combinatorics is a branch of mathematics that deals with 

counting the number of possible arrangements or selections of 

objects without needing to enumerate all possibilities. While 

enumeration might suffice for smaller scenarios, as the number 

of elements grows, this method becomes impractical. 

Combinatorial Theory steps in, offering efficient ways to solve 

such problems.  

 

The Rule of Product is used when multiple independent 

events are to be combined. If there are 𝑃 outcomes in the first 

event and 𝑄 outcomes in the second event, the total outcomes 

when both events occur are 𝑃 × 𝑄. For instance, selecting 

representatives where there are 65 men and 15 women in a 

group involves choosing 1 man and 1 woman, resulting in 

65 x 15 =  975 possible combinations. On the other hand, The 

Rule of Sum applies when there are choices that are mutually 

exclusive or cannot occur together; you can sum the number of 

outcomes of each choice. Consider selecting a leader from the 

same group of 65 men and 15 women. The total options would 

be 65 +  15 =  80 for choosing a leader. 
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The principle of inclusion and exclusion helps us calculate 

number of elements in the union of certain sets. It considers set 

sizes and their intersections. Suppose that you have two sets 𝐴 

and 𝐵. The size of the union is at most |𝐴 |  + | 𝐵|,  however, 

we are double counting  all elements in 𝐴 ∩  𝐵. Therefore, the 

formula 

|𝐴 ∪  𝐵|  =  |𝐴| + |𝐵|  −  |𝐴 ∩  𝐵|  
 

correcting the overlapping elements. This principle extends 

to multiple sets, allowing us to calculate the union by 

considering the sizes and intersections of various subsets of 

these sets. 

 

Permutations represent the number of different arrangements 

of objects. Permutations are used when the order of 

arrangement matters. 𝑃(𝑛, 𝑟) stands for permutations of 𝑟 

elements from a set of 𝑛 elements.  

 

Formula: 

 

𝑃(𝑛, 𝑟) =
𝑛!

(𝑛 − 𝑟)!
 

 

Permutation notation: 

𝑃(𝑛, 𝑟) = (
𝑛

𝑟
) =   𝑛 𝑃 𝑟 

 

Combinations refer to the number of selections of items 

where the order doesn't matter. 𝐶(𝑛, 𝑟) represents 

combinations of 𝑟 elements from a set of 𝑛 elements.  

 

Formula: 

𝐶(𝑛, 𝑟) =
𝑛!

𝑟!  × (𝑛 − 𝑟)!
 

 

Combination notation: 

𝐶(𝑛, 𝑟) = (
𝑛

𝑟
) =   𝑛 𝐶 𝑟 

 
Combinations are used when the order of arrangement is 

irrelevant. Such as determining the number of possible 

passwords given specific criteria (length, characters allowed), 

calculating the number of arrangements for seats in a cinema 

row for different scenarios: well-lit vs. dark conditions, 

forming committees, selecting representatives from different 

groups or pools of individuals, considering various constraints 

(gender, department, etc.). 

 

Expanding on the fundamental principles of combinatorics, 

the Extended Rule of Multiplication applies to 𝑛 experiments, 

each with distinct outcomes 𝑝1, 𝑝2 , … , 𝑝𝑛 . Conducting all 𝑛 

experiments leads to a combined count of 𝑝1 × 𝑝2 × … × 𝑝𝑛 

outcomes. For instance, determining the count of odd numbers 

between 1000 and 9999 involves four experiments for each 

digit position. Calculating these yields 5 x 8 x 8 x 7 = 4500 odd 

numbers, showcasing the application of this principle in 

complex counting scenarios. 

 

Similarly, the Extended Rule of Addition involves 𝑛 

experiments, each offering outcomes 𝑝1, 𝑝2, … , 𝑝𝑛. In this case, 

the total outcomes become 𝑝1 + 𝑝2 + ⋯ + 𝑝𝑛. This principle 

finds utility in various scenarios, such as arranging balls into 

boxes, where different permutations emerge from these varied 

outcomes. 

 

The final formula for the extended Rule of Multiplication is 

given by: 

𝑝1 × 𝑝2 × … × 𝑝𝑛 

 

And for the extended Rule of Addition: 

 

𝑝1 + 𝑝2 + ⋯ + 𝑝𝑛 

 

III.   TREE THEORY 

A tree is a specific type of undirected graph that is 

both connected and acyclic. Connectedness implies that a tree 

is connected, meaning that there exists a path between any pair 

of vertices in the graph. Acyclic means a tree does not contain 

any cycles, ensuring that there are no closed loops or repeated 

edges between vertices. In a tree with 𝑛 vertices, the number of 

edges is always (𝑛 − 1). This is a foundational principle. A 

forest is essentially a collection of trees that are not connected 

to each other. 

 

 
 

Fig 3.1) Example of graph, trees, and forest (Taken from 

Rinaldi Munir – Pohon “Bag. I”) 

 

A graph is a tree if and only if it is minimally connected. 

 

Proof. Let G be a graph. 

To prove the direct implication, assume G is a tree 

and consider a contradiction where G isn't minimally 

connected. This implies that within G, there exists an edge 𝑒 =
𝑣𝑤 that, upon removal, results in a connected graph denoted as 

G′. Because G′ maintains connectivity, there exists a sequence 

𝑣1𝑣2. . . 𝑣 in G′ that forms a path connecting 𝑣  to 𝑤, notably 

with 𝑣1 as 𝑣  and 𝑣  as 𝑤. Assume that G is a tree and suppose, 

towards a contradiction, that G is not minimally connected. 

Then G contains an edge 𝑒 = 𝑣𝑤 that we can delete to obtain a 

connected graph G′. Since G′ is connected, there must be a 
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path 𝑣1𝑣2. . . 𝑣′ in G′connecting 𝑣  to 𝑤 (in particular, 𝑣1 = 𝑣 

and 𝑣′ = 𝑤). 

 

Given that 𝑣𝑤 ∉  𝑉 (𝐺’), the sequence 𝑣1𝑣2. . . 𝑣′𝑣1 

forms a cycle within G, creating the necessary contradiction. 

To demonstrate the reverse scenario, let's suppose G is 

minimally connected and consider a contradiction where G 

isn't a tree. This implies that G contains a cycle 𝑣1𝑣2. . . 𝑣′𝑣1. 

Let G′represent the graph obtained from G by eliminating the 

edge 𝑣1𝑣2. We claim that G′ is a connected graph. To prove 

this, let 𝑣  and 𝑤 be two distinct vertices of G′, and let P be a 

path in G from 𝑣  to 𝑤, which must exist because G is 

connected. If 𝑣1𝑣2 is not an edge of P , then P is a path from 𝑣  

to 𝑤 in G′. Otherwise, we can replace the edge 𝑣1𝑣2 in P by 

the path 𝑣1𝑣𝑙𝑣𝑙−1. . . 𝑣2 to turn P into a walk from 𝑣  to 𝑤 in 

G′. Among all such walks, pick one 𝑃0 of minimum length. It 

is clear that 𝑃0 is a path from 𝑣  to 𝑤 in G. Hence, we conclude 

that G′ is connected, which contradicts that G is minimally 

connected. 

 

There are various types of trees,      

1. Rooted Trees: These are trees where one vertex is 

distinguished as the "root." Each edge has a direction 

away from the root, creating a hierarchical structure. 

2. Binary Trees: A specific type of rooted tree where 

each vertex has at most two children.  

3. N-ary Trees: A rooted tree in which each node has no 

more than N children 

 

  
 

Fig 3.2) Example of n-ary and binary tree (Taken from 

Algorithm Tutor) 

 

There are three ways to read a binary tree: 

1. Prefix: Root node - left child - right child 

2. Infix: Left child - root node - right child 

3. Postfix: Left child - right child - root node 

 

For instance, consider the expression represented by a tree: 

 

 

Fig 3.3) Tree Sample (Taken from Rinaldi Munir – Pohon  

“Bag 2.”) 

  

The string representation of an expression changes 

based on how it's structured: 

Preorder : * + a / b c – d * e f   (prefix) 

Inorder  : a + b / c * d – e * f   (infix) 

Postorder : a b c / + d e f * - *   (postfix) 

 

IV. GAME RULES 

All players receive one set of symbol cards, including 

addition, subtraction, and division cards. There are four types 

of number cards: Gold, Silver, Bronze, and Dirt, each ranging 

from zero to ten. There are 4 cards for each number, totaling 44 

cards. Gold holds the highest value, followed by Silver, 

Bronze, and Dirt in descending order. Additionally, four square 

root and multiplication cards will be used in addition to the 

number cards. 

 

At the game's onset, all players must place a bet by 

paying one chip. Then, the dealer shuffles the 52 cards and 

deals one face-down card to each player, which remains 

hidden. If a player receives a square root or multiplication card 

as the hidden card, they must return it and repeat until they 

receive a number card. Subsequently, the dealer distributes two 

additional cards to each player, these are open cards visible to 

other players.  

 

If a player receives a square root card as their open 

card, they'll receive an additional number card. However, if 

they receive a multiplication card, they must discard either an 

addition, subtraction, or multiplication card from their hand 

and draw one more number card. Division cards cannot be 

discarded. Should a player receive a square root or 

multiplication card as their open card and then receive another 

symbol card, they must discard the new symbol card and 

redraw until they receive a number card. 

 

After each player receives two open cards, the first 

betting round begins. The game continues until all players 

either bet the same amount or fold, opting out of the round. 

Bets cannot surpass the chip count of the player with the least 

amount of chips. Subsequently, each player receives one more 

open number card. Once all open cards are distributed, players 

use their number and symbol cards to create a number close to 

either one or twenty. The square root card may only be used on 

one number. Following the formation of equations, the final 

betting phase commences, starting with the initial player. 

 

Once the final bet concludes, players decide to bet 

high or low. High betting involves choosing the 20 mark and 

the player with the number closest to 20 wins. Low betting 

requires creating an equation resulting in a number closest to 1 

and choosing the 1 mark. If a player can create two equations, 

one closest to 20 and the other closest to 1, they may place a 

swing bet. A player selecting a swing bet wins only if they 

succeed in both high and low betting. Once all players decide, 

markers (1 or 20) and equations are revealed, and players with 

the same markers compete. 
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Fig 4.1) Example of equation and mark (Taken from Netflix) 

 

Each winner of high or low bets receives half of the 

total chip bet collected previously. If the chips collected are an 

odd number, the remaining chip is discarded. In case of ties, 

the player with the highest number card among those who bet 

high wins, and among those who bet low, the player with the 

lowest number card wins. In the event of tied highest or lowest 

number cards, the winner is determined by the color rank 

(Gold > Silver > Bronze > Dirt). A player with 0 chip will be 

eliminated from the game. 

 

V.   THEORY IMPLEMENTATION 

To strike the best move in the gameplay with the uncertainty 

of one number card, a program can be a helping hand. The 

logic is to employ permutations to find the best equations. The 

process involves generating permutations of numeric cards and 

operation symbols for each player. It utilizes the 

next_permutation function to generate these combinations. 

Within the permutation loops, the code checks whether the 

player possesses a square root card.  For those players who 

received a square root symbol, the program considers every 

number paired with the square root operation to calculate 

potential equation results. It evaluates various combinations of 

numbers and symbols to determine the equation that yields 

values closest to 1 or 20, capturing this information as the best 

move for each player. The program finally displays the closest 

equations to 1 and 20 for each player, providing insight into the 

most favorable strategies given their available cards and 

symbols. 

 

A crucial part of the algorithm is the way computers 

calculate equations. Computers typically perform calculations 

following a specific sequence or order called "left-to-right" 

evaluation. This means they solve expressions or equations by 

processing them from the leftmost character to the right, 

executing operations in the order they appear, unlike 

mathematical conventions that adhere strictly to the rules of 

operator precedence (like PEMDAS/BODMAS). For instance: 

 

 

 

 

In an expression like this, a ”left-to-right” evaluation would 

first compute 2 + 3, resulting in 5, and then multiply 5 by 4 to 

get 20, then subtract by 1 resulting 19, whereas mathematical 

rules would prioritize multiplication, yielding 13. This 

distinction in calculation order often leads to different results 

between human mathematical expectations and computer-

based evaluations. 

 

Edsger Dijkstra created the "Shunting Yard" algorithm to 

convert infix expressions into postfix notation. This method 

employs a stack, but here, the stack stores operators rather than 

numbers. The stack's purpose is to reorder operators within the 

expression and serve as a repository, delaying operator output 

until both operands are available.  

 

 

Guidelines for “Shunting Yard” algorithms: 

• For an incoming operand, print it. 

• When an incoming symbol is a left parenthesis, push 

it onto the stack. 

• Upon encountering a right parenthesis: discard it, pop 

and print symbols from the stack until a left 

parenthesis is found. Discard the left parenthesis. 

• If the incoming symbol is an operator and the stack is 

empty or holds a left parenthesis at the top, push the 

incoming operator onto the stack. 

• If the incoming symbol is an operator with higher 

precedence than the top stack operator or shares the 

same precedence and is right associative, push it onto 

the stack. 

• When the incoming symbol has lower precedence 

than the top stack operator or shares the same 

precedence and is left associative, continue popping 

the stack until the condition is false. Then, push the 

incoming operator. 

• At the expression's end, pop and print all operators 

from the stack (no remaining parentheses). 

 

Further elaborating the application in the program, 

shunting_yard function is a tree implementation called to 

perform calculations based on the generated permutations.  

 

 

2 + 3 * 4 - 1 

#Example 1 

 

A * ( B + C )  -->  A B C + * 

 

  Current Symbol     Operator Stack    Postfix String 

1      A                                    A 

2      *                  *                 A 

3      (                  * (               A B 

4      B                  * (               A B 

5      +                  * ( +             A B 

6      C                  * ( +             A B C 

7      )                  *                 A B C + 

8                                           A B C + * 

 

#Example 2 
 

A - B + C  -->  A B - C + 

 

  Current Symbol     Operator Stack    Postfix String 

1      A                                    A 

2      -                  -                 A 

3      B                  -                 A B 

4      +                  +                 A B - 

5      C                  +                 A B - C 

6                                           A B - C + 
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Shunting Yard Algorithm: 

 

The code's functions and nested loops systematically explore 

all potential permutations, evaluating and comparing equations 

to determine the optimal moves for each player. The output 

showcases the best equations identified for achieving values 

nearest to 1 and 20, considering different scenarios and symbol 

combinations.  

VI. PROGRAM EXECUTION 

The simplified simulation program is created to help better 

understanding toward the game. In the simulation, the program 

begins by prompting the user to input the number of players, 

username, and forced bet. 

 

 
Fig 6.1) Main program (self-source) 

 

After the cards are dealt (prior to the final bet), the player 

can view their card and other player’s open card. Player is 

asked to input the equation. 

 

 
Fig 6.2) Player’s turn to craft equation (self-source) 

 

Here, the color value is replaced as follows: 

 

 

 

 

 

 

 

Now, it is time to execute the mathematical tool that 

enhance "Equation Hi-Lo" players gameplay. The program 

begins by prompting the user to input the number of players 

and then proceeds to collect the player data: names, number 

float shunting_yard(float num[], char 

symb[]) 

{ 

    deque<float> x; 

    deque<char> y; 

     

    for(int i = 0; i < 3; i++) 

    { 

        if(symb[i] == 'x') 

        { 

            float res = num[i]*num[i+1]; 

            if(i == 2) 

            { 

                x.push_back(res); 

            } 

            else num[i+1] = res; 

        } 

        else if(symb[i] == ':') 

        { 

            float res = num[i]/num[i+1]; 

            if(i == 2) 

            { 

                x.push_back(res); 

            } 

            else num[i+1] = res; 

        } 

        else if(symb[i] == '-' || symb[i] 

== '+') 

        { 

            if(i == 2)  

            { 

                x.push_back(num[i]); 

x.push_back(num[i+1]); 

                y.push_back(symb[i]); 

            } 

            else 

            { 

                x.push_back(num[i]); 

                y.push_back(symb[i]); 

            } 

        } 

    } 

    float ans; 

    while(!y.empty()) 

    { 

        char sign = y.front(); 

y.pop_front(); 

        float a = x.front(); 

x.pop_front(); 

        float b = x.front(); 

x.pop_front(); 

        ans = (sign == '+')? (a+b) : (a-

b); 

        x.push_front(ans); 

    } 

    return ans; 

} 

 

Gold   -> Blue 

Silver   ->  Magenta 

Black   ->  Tosca 

Dirt  ->  White 
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values, and corresponding symbols.  

 
Fig 6.3) Hi-Lo Probabilities program inputs (self-source) 

 

 Then, the program will calculate all the possibilities 

by using the algorithm in previous chapter, resulting in this 

informative output for players: 

 

 
Fig 6.4) Best move calculation for Player 1 (self-source) 

 

 
Fig 6.5) Best move calculation for Player 2 (self-source) 

 

 Once players receive this information, their decisions 

are based on calculations rather than relying solely on luck. 

Players can input the equation and bet mark right away. 

 
Fig 6.6) End of round after dealer distributed the final card 

(self-source) 

 

VII.   CONCLUSION 

 This paper delves into permutations and combinations in 

gaming strategy. It explores the role of the Shunting Yard 

algorithm in computational evaluations, which is incorporated 

into a simulation program suggesting optimal moves based on 

card distributions. Through this exploration, it illustrates how 

mathematics serves as a fundamental element applicable to 

diverse scenarios, including the dynamics of the Hi-Lo 

Equation game. By intertwining theory and practical 

application, the paper highlights the intersection of 

mathematics and strategy within the dynamics of the Hi-Lo 

Equation game. 
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